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Abstract 
The paper describes a model of calculating indices of attachment of fish stock to fisheries 
zones based on biological parameters. Input data are weight by age, mortality rate and the 
percentage area distribution of an "average" year class of the stock throughout its lifespan, 
The model calculates indices of biomass distribution and biomass production by area on a per 
recruit basis for any predetermined stage of life (age groups, spawners, etc.). Assuming that 
these indices of an average year class throughout its lifespan equal the sum of the respective 
indices of all year classes in one year, the calculated indices can be used as keys in allocating 
catch quotas of joint stocks to fishery zones. The model is implemented on a spread sheet 
(Excel) and data of the northern blue whiting stock are used as an example. 
I. Introduction 
The establishment of the exclusive economic zones involved extended rights of ownership and 
management responsibilities of the fish resources to the coastal states. This is verified in the 
Law of the Sea, which in general terms expresses the view that the coastal states should be 
entitled to a quota share proportioned to the share of the stock distribution within the 
economic zone of the states. When a stock occurs within the zones of two or more coastal 
states, the Law suggests that the states should seek to agree upon measures necessaly to 
coordinate and ensure the conservation and development of the stock. Two different principles 
have been adopted as basis for sharing of joint fish resources; (a) histolical fishing 
perfolmance and (b) zonal attachment, based on biological critelqia. The aim of this paper is 
to describe and discuss methods of quantifying criteria of zonal attachment based on 
biological parameters. 
11. Zonal attachment 
Referring to the establishment of the 200 miles exclusive economic zones, ICES published 
in 1978 an extensive report on biological data of impol-tance for zonal attachment of fish 
resources in the ICES region (Anon. 1978). Provided that a total allowable catch (TAC) of 
the stock was set, the repost suggested that the following biological cliteria could form the 
basis for calculating sub-quotas for different zones: 
1, The occurrence and migration of the fishable part of the stock. 
2. The occurrence of juvenile and pre-recruit fish, 
3. The spawning areas and the distlibution of eggs and larvae. 
In addition, the history of the fishery including the distribution of catch, and the state of 
exploitation should be taken into account when negotiating the quota sharing of joint stock. 
The report gives, however, no guidance as to how the different factors should be quantified, 
weighed and added into an overall formula for calculating the respective sub-quotas of the 
zones. It only states that information of this type should form the basis of negotiation for a 
long-term proportional allocation of the TAC. 
International working groups have in later years updated the information and added new 
stocks to the list of shared fishery resources in the ICES area. In the late 1970's Norway and 
EC established working groups to deal with the joint Nosth Sea stocks (Anon. 1979, Anon. 
1986) and a group of scientists from Norway, EC and Iceland considered the problems of 
quota sharing of capelin in the Iceland-Greenland-Jan Mayen area (Anon. 1983). The 
NorwayIEC Working Group did not propose any quantitative definition of the telin zonal 
attachment, but expressed the view that in the application of the criteria, main emphasis 
should be given to the distribution of the fishable past of the stocks. The state of exploitation 
was taken into account when Norway and EC agreed on the quota sharing of the North Sea 
herring stock. Acknowledging that the juvenile hessing is distributed in the EC zone mainly, 
whereas the adults spawn in the EC zone and migrate to the Nolwegian zone for wintering, 
the pasties agreed on a sliding scale giving Nonvay a larger share when the spawning stock 
is relatively big (low exploitation rate), This was a step in the direction of calculating an 
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index of zonal attachment taking into account the state of exploitation. 
In the quota sharing of the capelin stock in the Iceland-Greenland-Jan Mayen area a discrete 
model for calculating the zonal attachment was used for the first time. In this model the 
occurence of the stock by zone is defined as the distribution of stock biomass times the 
length of the period a year-class, on an average, occurs in the respective zone during its 
lifespan. Assuming that the sum of these indices of a year class throughout its lifespan, equals 
the sum of the corresponding indices of all year classes in one year, the total index was 
calculated from data on stock destribution by age, weight by age and mortality rate. 
The model of biomass distribution by zones. 
The biomass distribution (B) of a year class at age (t) in an area (i) is given by the equation: 
where R, is number of recruits at age 0, Z is the total instantaneous mortality rate, w, is the 
weight at age t and pit is the percentage of biomass present in the area (i) at age t. The 
equation is valid for any time unit t (year, half year, quarter, month etc.), which may be 
chosen according to seasonal migration pattern of the stock in relation to zones and in 
according to available data on p. 
The total biomass distribution in area (i) is the sum of biomass from all periods (time units) 
the year class occurs in the area B,. 
The percentage share (Pi) of the total biomass distribution (B) in the area (i) is: 
When W and p are known, the model calculates an index of relative biomass distribution by 
area as a function of the mortality coefficient Z = F + M, where F and M are the fishing and 
natural mortality coefficients respectively. This index may be defined as an index of 
biological attachment to economic zones in which the state of exploitation has been taken into 
account. The model is implemented on a spread sheet as shown in Table 1, using data from 
the blue whiting stock as an example. 
Biomass production by zones. 
Another suggested index for biological attachment to zones is the growth in biomass when 
the stock is present in the zone (Engesaeter 1992). Such a biomass production index (biJ can 
be modelled in a similar way as the model of biomass dist~ibution. 
The total biomass production (bi, is: 
where the biomass is summed for the periods when the stock is present in the area (i) and 
when (eVZ + W,, - WJ > 0. The percentage share is then: 
Pi = (b, / b) . 100 = (Cpit . e-" . (e-' * Wt+, - W,) / Ce-zt (e-' . W,+, - W,)) a 100 
when b is the sum of the biomass production from the area as a whole. The implementation 
of this model is illustrated in Table 2. 
Biological attachment of the blue whiting stock. 
Data of the northern blue whiting stock has been chosen as an example of application. In 
order to take care of the seasonal spawning migration, one quarter of a year is used as time 
unit, and data on seasonal distribution of a year class on zones by age and quarter are derived 
from various sources (Blindheim and Monstad 1981, Monstad 1990, reposts of the Blue 
Whiting Working Group). A map of the relevant economic zones is shown in Fig. 1. Data on 
weight by age and mortality rates are derived from the Working Group reports 1990-1992. 
The figures applied are subjected to the author's judgement of available information, and the 
results should therefore be taken as an example of the model only. 
The model is implemented on a spread sheet as shown in the table of biomass distribution 
(Table I), and biomass production (Table 2). The two first columns refer to age and quarters, 
and the calculations are made on an input number of 100 individuals (column 3). The further 
columns to the right show input data of natural death and fishing mortality on a yearly basis, 
and the total death by quarter is calculated in column 6. The weight by age is entered in 
column 7, and the biomass by age and the increaseldecrease in biomass by age between 
quarters are calculated and given in column 9 (Table 1) and 9 and 10 respectively (Table 2). 
These figures are allocated to zones (columns 16 to 19) according to the percentage biomass 
distribution as given in columns 11 to 14 (12 to 15 in Table 2). It is assumed that there is no 
change in the migration pattern after age 6, and the older age groups can therefore be handled 
together as plus-group. The number Nt+ in this plus-group is calculated as: 
where Z is the average total mortality on age group older than t. Wt+ is judged from data of 
the Blue Whiting Working Group reports, 1990-1992. 
The calculated biomass distribution and increase in biomass by zones are summed by 
quarters and the percentage biomass by zones are calculated and. shown in the rows at the 
bottom of the Tables 1 and 2. In summing the indices of biomass production, the figures with 
negative values are omitted. 
Application of the model. 
In general, the model may be used as a tool to quantify biological criteria for establishing 
catch allocation keys of shared fish species.In addition to the two vital stock parameters 
weight by age and instantaneous mortality rate, an input parameter of stock distribution by 
age is required. This parameter is quantified in relative terms only (percent) and may be 
derived from general knowledge of stock distribution and migration patterns of the fish. For 
migratoly species such as blue whiting, the fish normally change their distribution pattern 
when reaching sexual maturity, and the adults undertake seasonal migrations between feeding 
and spawning areas and to selected areas for wintering. This behaviour determines the stock 
biomass distribution by areas or zones and can be simulated if the input parameters are 
available by the relevant seasons. In the case of blue whiting parameters by quarters seem to 
be sufficiently detailed to simulate the relevant feature of the life histo~y of fish. 
The effect of fishing is simulated by altering the fishing mortality F. By increasing F 
stepwise, the model simulates the biomass distribution (and production) of the stock in a 
steady state for the respective level of exploitation. In general, a high F favours the share of 
zones inhabited by the immature fish when using the index of biomass distribution, whereas 
the biomass production index may be less affected by variation in F. This is the case for blue 
whiting as illustrated in Fig. 2. In this case , four zones are considered, the Norwegian zone, 
the EC zone, the Faroes zone and the remaining part of the distribution area which includes 
Iceland, Jan Mayen and intelilational waters. In the present state of exploitation (F=.2), the 
calculated indices of relative occurrence are 35%, 33%, 19% and 13% in the four zones 
respectively by increasing the exploitation, the Norwegian share, which consists of juveniles 
mainly, will increase at the cost of all the other zones, especially the International-Iceland- 
Jan Mayen zone, which is inhabited by the older age groups only. The EC and the Faroes 
zones are less affected because these zones contain both immature and adult fish. The 
corresponding index of biomass production gives a higher share to Noiway at the present 
level of F (42%), but the percentage share of production decreases slightly with increasing 
F. The biomass production index of the EC-zone is low because the zone represents the 
spawning area, in which the growth in biomass is negative. The biomass production index 
does, however, favour the share of the International-Iceland-Jan Mayen zone compared to the 
index of distribution, because these zones include the main feeding areas of the adults. 
Column 10 (Table 1) gives space for a weighting factor K which enables the user to give 
different weights to the various stages of life and areas (juveniles-adults, spawning area- 
feeding area). In considering the zonal attachment of the North Sea stocks, the Norway-EC 
Working Group expressed the view that in applying the various criteria of biological 
attachment, the main emphasis should be given to the fishable stock. An illustration of giving 
double weight to the adult blue whiting stock is shown in Figure 3. As expected this would 
increase the share of EC and"OtherW at the cost of the share given to Nolway, depending on 
the exploitation rate. At the present state of exploitation the Norwegian share of biomass 
distribution would be reduced from 35% to 29%, whereas the reduction in the share would 
( be less on a higher level of exploitation (53% to 50%). The option has, however, little effect 
on the biomass production indices. 
This example of application may illustrate how the model can be used to translate political 
agreements on quota sharing into statistical tesms. 
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Table 1. Calculation sheet (Excel) of biomass distribution by economic zones of blue whiting. 
For further explanation, see text. 
Table 2. Calculation sheet (Excel) of biomass increment by economic zones of blue whiting. 
For further explanation, see text. 
: F n n s  Josef lmd 
A: The Norwegian Economic Zone 
B: The EC Zone 
C: The Russian Zone 
D: The Fishery Protection Zone 
around Svalbard 
E: The Fishery Zone around Jan Mayen 
F: The Greenlandlc Zone 
C: T i e  Icelmdic Zone 
H: The Faroese Zone 
I: International sea 
K: The adjacent area in the'Barents Sea 
covered by a pro\lsional agreement 
between Norway and Russia. 
i 
I 
200 mlle limits 
........ Disputed limits 
F i g u r e  1. Map o f  e c o n o m i c  z o n e s  ( E n g e s a t e r  1 9 9 2 ) .  
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Figure 3. Biomass distribution and biomass production indices of blue whiting by economic zones as a function of 
the fishing mortality F. The K-factor (Tables 1 and 2 )  for  ages 3+ = 2. 
For further explanation, see text .  
